Introduction
============

Epithelial cell to cell junctions provide tissue integrity and promote cellular polarity. The adherens junction plays a pivotal role in regulating the activity of the entire junctional complex, and the major adhesion molecules in the adherens junctions are the cadherins (Masato Maeda et al., 2004). the cadherins comprises a family of Ca^2+^-dependant adhesion molecules that function to mediate the cell-to-cell binding that is critical to the maintenance of tissue structure and morphogenesis. And also cadherin adhesion plays a signaling role during cell growth and differentiation (Sung et al., 2007).

Cadherins are single pass trasmembrane proteins that are synthesized with a single peptide (SP) and pro region (pro), which are removed during protein processing. The extracellular domain comprises five homologous repeats (EC1-EC5) that are bridged by calcium ions (Ca^2+^).The cytoplasmic domain binds to p120-catenin (p120ctn) near the plasma membrane and to β-catenin near the C-terminus. Β-catenin binds to α-catenin to link the cadherin complex to the actin cytoskeleton (Margaret et al., 2007).

N-cadherin was first identified in 1982 by Grunwald and others as a 130 kD molecule in the chick neural retina that was protected by calcium from proteolysis, and in 1984 A-CAM was identified (now called N-cadherin) as a molecule that was localized at the adherens junctions .In the nomenclature of CD antigens the new designation for N-cadherin is CD325, N-cadherin is also known as neural-cadherin, non-epthelial cadherin or cadherin-2. (Lara et al., 2004).

The epithelial-mesenchymal transition or transformation (EMT) is a process by which epithelial cells lose their cell polarity and cell-cell adhesion, and gain migratory and invasive properties to become mesenchymal cells (Derek, 2005). EMT is considered as a reversible biologic process that is important for normal embryogenesis and organ development from single-layered to multilayered organisms, particularly during gastrulation and neural crest cell migration. One of the best-studied and -known processes of EMT is the breakdown of intercellular adhesion between epithelial cells by inhibiting expression of E-cadherin (epithelial cadherin); whereas the cells that undergo the EMT process aberrantly express higher levels of N-cadherin (mesenchymal cadherin). This process is called "cadherin switching" (Suttichai and Anak, 2012).

EMT is a natural process that can be found in several pathophysiological conditions in human adults. Particularly, EMT is a necessary component of the inflammatory process and normal wound healing in adulthood. Loss of epithelial morphology and acquisition of mesenchymal characteristics (EMT), are typical for carcinoma cells during tumor progression and correlate with the local invasiveness and metastatic potential of the tumor (Suttichai et al., 2012; Silvana et al., 2012; Michael et al., 2009).

Oral squamous cell carcinoma (OSCC) is a malignant neoplasm arising from the mucosal epithelium of the oral cavity (Ankur et al., 2010). A tumor that is mature enough to closely resemble its tissue of origin are well-differentiated squamous cell carcinoma. In contrast, a tumor with much cellular and nuclear pleomorphism and with little or no keratin production may be so immature that it becomes difficult to identify the tissue of origin are poorly differentiated or anaplastic. A tumor with a microscopic appearance somewhere between these two extremes is labeled a "moderately differentiated" carcinoma (Brad et al., 2008; Rajendran et al., 2012).

However there are so many studies on N-cadherin expression with many malignant tumors but the N-cadherin study on OSCC was very limited. So we are here to study and compare the N-cadherin expression in OSCC with different histopathological grades relevant to tumor progression and prognosis.

Materials and Methods
=====================

Formalin fixed, paraffin embedded block specimen of both incisional and excisional biopsies of oral squamous cell carcinoma(OSCC) were obtained from the archives of Department of Oral Pathology and Microbiology, K.V.G Dental College and Hospital, Sullia and Kidwai Memorial Institute of Oncology, Bangalore.The slides were graded according to Modified Broders's system as well, moderate and poorly differentiated squamous cell carcinoma respectively. Among the total of 130 cases, 66(50.8%)cases of well differentiated squamous cell carcinoma(WDSCC), 38 (29.2%) cases of moderately differentiated squamous cell carcinoma(MDSCC) and 26 (20.0%) cases of poorly differentiated squamous cell carcinoma(PDSCC) were selected. The clinical details of all the cases like patients age, sex, site of the lesion and habits and its duration were systematically tabulated. From each selected cases two serial sections of 5 microns were prepared by using microtome. One section was stained with Haematoxylin and Eosin and the other section for N-cadherin immunohistochemical study. All the slides were methodically evaluated by a single blinded observer in order to eliminate inter-observers bias.

Immunohistochemistry for N-cadherin expression were carried out by using a monoclonal antibody and polymer Horseradish Peroxidase Detection System (BioGenex, CA, USA). Standardization and monitoring of the procedure of immunostaining was done by an expert from BioGenex Life Systems Pvt. Ltd.The normal oral epithelium which shows no expression of N-cadherin has been taken as a negative control. N-cadherin is found to be strongly expressed in breast cancer used as a positive control.

Formalin fixed paraffin embedded wax blocks were used to obtain 5μm sections for immunostaining. The cut sections were then transferred on to poly-L-lysine coated slides. Incubation was done at a temperature range of 37-40 degrees celsius overnight. After deparafinization,antigen retrieval was carried out by heat treatment. Endogenous peroxidase activity was quenched by treating the sections with 3% hydrogen peroxide for 6 minutes. The slides were then thoroughly rinsed in Tris buffer saline (pH-7.6) and then blotted. The slides were treated with Background Punisher for 10 minutes to prevent nonspecific binding of secondary antibody. Slides were then rinsed with Tris buffer saline and blotted gently.

The sections were incubated with monoclonal rabbit anti-human N-cadherin antibody for one hour at room temperature. The procedure was carried out in a moist chamber and the sections were then rinsed in Tris wash buffer (2 changes) for 5 minutes each. The slides were incubated with MACH 4 HRP polymer for 20 minutes. The solution comprises of secondary antibody conjugated to non-biotinylated polymer HRP reagent. Again slides were rinsed in wash buffer (2 changes) for 5 minutes each and blotted gently. The substrate solution consists of mixture of (3, 3´- diaminobenzidine tetrahydrochloride) DAB buffer (1 ml) and DAB chromogen (1 drop) to be added and the slides are rinsed with distilled water for 5 minutes. The slides were counterstained with Harris haematoxylin and mounted with DPX.

The slides were viewed in a bright field microscope at a magnification of 200x and 400x with objective used are 20x and 40x respectively in 10 different fields to analyze the percentage of cells showing positivity and the color intensity as well. The color intensity and percentage scores were multiplied to give a composite score of 1-9 for each case. The final staining score was defined as follows: 0: negative, 1-3: weak, 4-6: moderate and 7-9: strong. All the statistical analysis was carried out by using the SPSS version 20 software.

###### 

A Comparative Analysis of Total N-Cadherin Expression Score with Different Grades of OSCC

  OSCC            Total Score   Total                                                       
  ------- ------- ------------- --------- --------- --------- --------- --------- --------- ---------
  WDSCC   Count   9             25        19        3         7         3         0         66
          \%      100%          96.20%    86.40%    25.00%    23.30%    14.30%    0.00%     50.80%
  MDSCC   Count   0             1         3         5         19        10        0         38
          \%      0.00%         3.80%     13.60%    41.70%    63.30%    47.60%    0.00%     29.20%
  PDSCC   Count   0             0         0         4         4         8         10        26
          \%      0.00%         0.00%     0.00%     33.30%    13.30%    38.10%    100.00%   20.00%
  Total   Count   9             26        22        12        30        21        10        130
          \%      100.00%       100.00%   100.00%   100.00%   100.00%   100.00%   100.00%   100.00%

###### 

Mean N-Cadherin Expression Value for OSCC

  OSCC    N    Mean   STD. Deviation   F       *P*
  ------- ---- ------ ---------------- ------- ---------
  WDSCC   66   1.79   1.45195                  
  MDSCC   38   4.16   1.32596                  
  PDSCC   26   6.38   2.35078          79.31   \<0.001
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Results
=======

N-cadherin positive staining was mainly observed with cell membrane and also in part of adjacent cytoplasm. Among the total of 66 cases of WDSCC 9 (100%), 25 (96.2%),19 (86.4%), 3 (25%), 7 (23.3%) and 3 (14.3%) cases were scored totally 0, 1, 2, 3, 4 and 6 respectively ([Table 1](#T1){ref-type="table"}). But there was no cases have been scored 9 but the majority of 96.2% cases were scored minimum of 1. Out of 38 cases of MDSCC 1 (3.8%), 3 (13.6%), 5 (41.7%), 19 (63.3%) and 10 (47.6%) cases were scored totally 1, 2, 3, 4 and 6 respectively. But there was no minimum of 0 score and maximum of 9 score in MDSCC but the majority of 63.3% cases were scored moderate of 4. Among the total of 26 cases of PDSCC 4 (33.3%), 4 (13.3%), 8 (38.1%) and 10 (100%) cases were scored 3, 4, 6 and 9 respectively.And majority of cases scored maximum of 9. Among the 130 cases, 9 cases have shown no staining or zero score and all these cases were WDSCC, 10 cases have shown maximum staining of score 9 and all these cases were PDSCC. Chi-square analysis of this comparison between Total N-cadherin score with different grades of OSCC was found to be statistically very highly significant (P=\<0.001).

Mean value of N-cadherin for WDSCC, MDSCC and PDSCC were 1.79, 4.16 and 6.38 respectively, so it is increasing with decreased differentiation of the tumor cells. The statistical analysis of the mean N- cadherin value for OSCC was very highly significant (P=\<0.001)([Table 2](#T2){ref-type="table"}).

Discussion
==========

Oral squamous cell carcinoma is one of the most prevalent tumors of the head and neck region of epithelial origin. Loss of epithelial morphology and acquisition of mesenchymal characteristics termed as EMT are typical for carcinoma cells during tumor progression and correlate with local invasiveness and metastatic potential of the tumor. As in the oral squamous cell carcinoma EMT resulting in tumor cells become less differentiating from its original cells, so accordingly we will grade histopathologically well, moderate and poorly differentiated squamos cell carcinoma. The loss of differentiation from the original cells means tumour cells are gaining mesenchymal phenotype, and this will be better indicated by mesenchymal marker such as N-cadherin.

N-cadherin study on OSCC are very limited, although M Di Domenico et al study showed the absence of N-Cadherin staining in superficial well-differentiated cancer cells and strong staining in deeply infiltrating cancer cells. Finally, they found a statistically significant correlation between N-Cadherin expression and some histopathological parameters including grade and a statistical trend for stage. In our study also N- cadherin expression was increasing with high grade of OSCC. So the WDSCC have shown lower score of activity whereas PDSCC had higher score for N- cadherin activity.

Broder's histopathological classification on SCC is mainly based on the proportion of the neoplasm resembling normal squamous epithelium. Accordingly, tumors were graded on the basis of degree of differentiation and keratinization of tumor cells, so it is classified as well, moderate and poor. So WDSCC was diagnosed because its resemblance to cells of its origin, i.e. oral epithelium, so still the tumor cells not transformed into mesenchymal phenotype, and N-cadherin expression either absent or less. PDSCC was diagnosed because of its lack of differentiation to its origin cells and that means the tumor cells gaining mesennchymal phenotype and so the cells were expressing high activity of N-cadherin. MDSCC were expressed with moderate activity of N-cadherin. So the N-cadherin expression in our study was increasing with decreased differentiation. The statistical analysis were also confirmed with high significant value (P=\<0.001).

M DI Domenico et al also found that N-Cadherin expression were characterized by a malignant phenotype associated with a worse clinical outcome, reduced overall survival and a major tendency for loco-regional invasion and metastasis. This study underlines the central role of N-Cadherin in oral carcinogenesis, underlining its function as a potential therapeutic target and its potential value as a prognostic tool in the clinical management of OSCC (Domenico et al., 2011).

The N-cadherin positive cells in more than 60% and maximum staining intensity was observed majority in PDSCC. And minimum of less than 30% positive cells and minimum or no staining was seen majority in WDSCC. Among the 66 cases of WDSCC mean value of N-cadherin expression was 1.79, 38 cases of MDSCC mean value of N-cadherin expression was 4.16 and among the 26 cases of PDSCC the mean value was 6.38.That means the value of N- cadherin expression was progressively increasing with decreased differentiation of the tumor cells. The statistical analysis also shown it was highly significant (P\<0.001).

Snug et al., (2007) had the conclusion that reduced E-cadharin and positive N-cadharin expression are closely associated in OSCC, suggest that cadherin switching probably plays an a important role in the development of OSCC and metastasis. Nguyen et al., (2011) were also suggested that cadherin switching might be considered as a discrete critical event in EMT and metastatic potential of HNSCC. Kathryn et al., (2006) also observed the increased invasiveness seen in N-cadherin expressing cells of the OSCC.

The expression of TGFβ1, Ncadherin, TP53 and RB1CC1 increased in different stages of OSCC in both humans and mice. The expression of Ecadherin decreased from normal oral mucosa to OSCC, and increased in lymph node metastases in both human and mouse samples. (Mengzhu et al., 2017). OSCC cells in tumor nests with a cut-off point of 70 years old was the best fit model. These results suggest that N-cadherin has significant value in prognostic predictions for OSCC patients (Yuu et al., 2017).

Other than OSCC, Ke et al., (2009) were observed the decreased E-cadherin expression and increased N-cadherin expression more frequently in advanced Esophageal squamous cell carcinoma (ESCC) than in low grade ESCC,confirming that the down-regulation of E-cadherin expression and up-regulation of N-cadherin expression were closely associated with the infiltration, invasion and metastasis of ESCC. Erika et al., (2004) were found the N-cadherin expression correlated with neural invasion, histological type, fibroblast growth factor expression in primary tumors of the pancreatic carcinoma.

Nhan et al., (1999) study on prostate cancer suggested that, N-cadherin mediates a less stable cell-cell adhesion and may allow for carcinoma cell invasion and stromal interactions. Marvin et al., (1999) study on breast carcinoma showed that N-cadherin promotes motility and invasion and that decreased expression of E-cadherin does not necessarily correlate with motility or invasion in breast cancer cells. Nakashima et al., (2003) and others study on lung cancer revealed the frequency of hypervascular tumours was significantly higher for N-cadherin-positive carcinomas than for N-cadherin-negative carcinomas. Whereas the 5-year survival rate of patients with N-cadherin-positive tumours was significantly lower than that of patients with N-cadherin-negative tumours.

So the results of our study suggested that N-cadherin expression in OSCC can be considered as an accurate marker of EMT. As the tumor progresses from WDSCC to PDSCC, the N-cadherin expression was also progressively increasing. N-cadherin is the mesenchymal marker so obviously it is absent in epithelial cells but positive for mesenchymal cells. The histopathological grading of OSCC was based on its resemblance to cells of its origin, i.e. epithelial cells. Among the cases of WDSCC N-cadherin expression was absent or minimum but in PDSCC this activity was maximum and in MDSCC it was moderate, it means that N-cadherin can be considered as tumor marker of EMT in tumor progression from early invasion through different grades of OSCC to metastasis.

In conclusion, N-cadherin is the mesenchymal cadherins and absent in epithelial cells, expression in tumor cells of oral squamous cell carcinoma indicates epithelial to Mesenchymal transition. A correlative study of N-cadherin expression with different grades of oral squamous cell carcinoma will be useful to predict the state of tumor progression and also it may give accuracy for histopathogical grading of the tumor.
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